Objective To examine the association of healthrelated physical fi tness with total and central body fat in adolescents. Participants/Methods The present cross-sectional study comprises 363 Spanish adolescents (186 female participants) aged 12.5-17.5 years. We assessed fi tness by the 20-m shuttle run test (cardiorespiratory fi tness); the handgrip strength, the standing broad jump and the Abalakov tests (muscular strength); and the 4×10-m shuttle run test (speed-agility). Total body fat was measured by dual energy x-ray absorptiometry (DXA), BodPod and sum of six skinfolds, and central body fat was measured by DXA at three regions (R1, R2 and R3) and waist circumference. Results The Abalakov, the standing broad jump, the 4×10-m shuttle run and the 20-m shuttle run tests were negatively associated with all markers of total and central body fat in men and women after controlling for age, pubertal status and objectively assessed physical activity (p<0.01). Handgrip strength test was positively associated with waist circumference (p<0.01). Conclusions Lower body muscular strength and cardiorespiratory fi tness are negatively and consistently associated with total and central body fat in adolescents, whereas levels of upper body muscular strength were superior in adolescents with higher levels of central body fat.
INTRODUCTION
Health-related physical fi tness (hereinafter called fi tness) refers to those components of fi tness that have a relationship with the ability to perform daily activities with vigour and by traits and capacities that are associated with a lower risk for the development of chronic diseases and premature death: cardiorespiratory fi tness, musculoskeletal fi tness (eg, muscular strength), motor fi tness (ie, speed-agility) and body composition. [1] [2] [3] Fitness is considered an important marker of health already in youth. 3 4 There is growing evidence that fi tness at childhood and adolescence is negatively associated with total and central body fat later in life; 5 6 and similar fi ndings were observed in cross-sectional studies. [7] [8] [9] [10] Studies analysing the association between fi tness and body composition measured with sophisticated methods such as dual energy x-ray absorptiometry (DXA), CT or magnetic resonance are scarce and mainly confi ned to cardiorespiratory fi tness. [11] [12] [13] [14] [15] Therefore, additional studies are needed to better understand the association between fi tness and fatness. This will provide useful insights for intervention studies focused on enhancing fi tness and reducing fatness.
The purpose of the present study was to determine the association of fi tness (ie, cardiorespiratory fi tness, muscular strength and speed/ agility) with total and central body fat measured by DXA, BodPod and anthropometry in a sample of Spanish adolescents participating in the HELENA-CSS (Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectionals study).
RESEARCH METHODS AND PROCEDURES Subjects
The HELENA-CSS is a multi-centre, cross-sectional study performed in 10 European cities that was designed to obtain reliable and comparable data on nutritional status, cardiovascular profi le, physical activity (PA) and fi tness of a sample of European adolescents. 16 17 The average number of adolescents to be measured in each city (Athens in Greece, Dortmund in Germany, Ghent in Belgium, Heraklion in Greece, Lille in France, Pecs in Hungary, Rome in Italy, Stockholm in Sweden, Vienna in Austria and Zaragoza in Spain) was estimated as 300. All participants were recruited at schools and met the general HELENA-CSS inclusion criteria (age range 12.5-17.5 years, not participating simultaneously in another clinical trial and free of any acute infection lasting <1 week before the inclusion). 16 17 The present study comprises 363 adolescents (186 female and 177 male participants) from Zaragoza (Spain) aged 12.5-17.5 years with at least valid DXA data. After receiving complete information about the aims and methods of the study, all adolescents and their parents or guardians signed the informed written consent.
The study was performed following the ethical guidelines of the Declaration of Helsinki 1961 (revision of Edinburgh 2000). For the Spanish sample, the study protocol was approved by the Research Ethics Committee of the Government of Aragón (CEICA; Spain). Complete description of ethical issues and good clinical practice within the HELENA-CSS can be found elsewhere. 18 
Health-related physical fi tness
Fitness was assessed as previously reported by Ortega et al. 19 In brief, cardiorespiratory fi tness was assessed by the 20-m shuttle run test. 19 20 Upper body muscular strength was measured with the handgrip strength test 21 and lower body muscular strength with the standing broad jump and the Abalakov tests. 19 The Abalakov test assesses the lower limb explosive strength. In a standing position, the adolescent performs a vertical jump with a prior fast counter movement. The adolescent is allowed to freely coordinate the arms and trunk movements in order to reach the maximum height. Speed of movement and agility were assessed with the 4×10-m shuttle run test. 19 The scientifi c rationale for the selection of all these tests has been previously published. 22 The physical fi tness tests mentioned above have shown to be reliable and valid in adolescent population. 19 23 We performed a reliability study where we assessed the above mentioned fi tness tests in 123 adolescents 2 weeks apart, and we did not observed a learning or a fatigue effect for any of the tests. 19 Findings from a systematic review that comprehensively studied the validity (ie, the extent to which a fi eld test correlates with the gold standard) of the existing fi eld-based fi tness tests used in children and adolescents indicated that there is strong evidence that these are valid. 23 
Body fat assessment
We assessed body fat by DXA, BodPod and anthropometry.
Body fat assessed by DXA Body fat was assessed using a paediatric version of the software QDR Explorer (software version 12.4; Hologic Corp., Waltham, Massachusetts, USA). The DXA was calibrated using a lumbar spine phantom as recommended by the manufacturer, and adolescents were scanned in supine position. Analysis of total body fat mass was performed using the extended research mode according to the operating manual. Percentage total body fat was calculated as total body fat mass divided by body weight and multiplied by 100.
Abdominal adiposity was assessed at three different regions, R1, R2 and R3. 24 25 A rectangle was drawn on the digital scan image to establish every region. All of them have the lower horizontal border on the top of iliac crest. For R1, the upper border was established parallel with the end of the lowest rib. The upper border of the R2 was parallel with the junction of the T12 and L1 vertebrae and for the R3 was parallel to the middle of the costo-vertebrae articulation of the last rib. The lateral sides of these regions were adjusted to include all the body tissue.
Body fat assessed by BodPod
Body volume was measured by BodPod using standardised procedures. 26 The BodPod was calibrated prior every analysis according to the manufacturer's guidelines. Subjects wore clothing according to the manufacturer's recommendation (a swimsuit and a swim cap) to rule out air trapped in clothes and hair. Adolescents were weighed on the BodPod calibrated digital scale and then entered the BodPod chamber. Body volume was measured twice by the machine to ensure measurement reliability. If the fi rst two readings for body volume differed by more than 150 ml, a third measurement was taken. If additional readings were needed, the BodPod was recalibrated, and the measurements were repeated for that subject. Percentage total body fat was calculated using the equations reported by Siri. 27 Thoracic gas volume was measured following the manufacturer's recommendations. 26 This value was integrated into the calculation of body volume. Total body fat mass (kilograms) was calculated as percentage total body fat mass multiplied by body mass (kilograms) and then divided by 100.
Anthropometry
The anthropometric methods followed in the HELENA-CSS has been described in detail by Nagy et al. 28 Body mass index was calculated as body mass (kilograms) divided by height (meters) squared.
Skinfold thickness was measured to the nearest 0.2 mm in triplicate in the left side at biceps, triceps, subscapular, suprailiac, thigh and medial calf with a Holtain Caliper (Crymmych, UK). 28 The sum of six skinfold thickness was used as an indicator of total body fat. Waist circumference was measured to the nearest 1 mm in triplicate at the level of the natural waist, which is the narrowest part of the torso, as seen from the anterior aspect with an anthropometric un-elastic tape SECA 200 and was used as a surrogate measurement of central body fat. It was recorded to the nearest 0.1 cm.
Pubertal status
Pubertal status was evaluated by experienced physicians by direct observation according to the criteria of Tanner and Whitehouse 29 and as described elewhere. 30 
Physical activity
A uni-axial accelerometer (Actigraph MTI, model GT1M; Manufacturing Technology Inc., Fort Walton Beach, Florida, USA) was used to assess PA. Adolescents were instructed to place the monitor underneath the clothing, at the lower back, using an elastic waist band and wear it for seven consecutive days. They were also instructed to wear the accelerometer during all time awake and only to remove it during water-based activities. At least 3 days of recording with a minimum of 8 h registration per day was set as an inclusion criterion. In this study, the time sampling interval was set at 15 s (epoch). A measure of total volume of activity (hereafter called average PA) was expressed as the sum of recorded counts per epoch divided by total daily registered time (counts/min).
Statistical analysis
The data are presented as means±SD unless otherwise stated. To achieve normality in the residuals, markers of total and central body fat, handgrip strength test, Abalakov test and 20-m shuttle run test values were transformed to the natural logarithm. Gender differences were assessed by one-way analysis of variance.
Multiple regression was used to study the association of fi tness (ie, handgrip strength, standing broad jump, Abalakov, 4×10-and 20-m shuttle run tests) with markers of total (ie, DXA, BodPod and sum of six skinfolds) and central body fat (ie, R1, R2 and R3 by DXA, and waist circumference). All these relationships were analysed in separate regression models and using age, pubertal status and PA as covariates (ie, set of confounders). Since we observed a signifi cant interaction effect between sex and most fi tness components, all analyses were performed separately for male and female participants. R 2 change was used as the measure of the relationship between PA and the part of the outcome (total and central body fat) that is not explained by the other predictors in the model (age, pubertal status and PA). We used Bonferroni and Holm method to correct for multiple testing. 31 The analyses were performed using the Statistical Package for Social Sciences (SPSS, vs 16.0 for WINDOWS; SPSS Inc., Chicago, Illinois, USA), and the level of signifi cance was set to <0.05.
RESULTS
In female participants (N=186), there were 2 (1.1%) missing data for the standing broad jump test, 1 (0.5%) for the Abalakov test, 9 (4.8%) for the 4×10-m shuttle run test, 45 (24.2%) for the 20-m shuttle run test, 8 (4.3%) for the skinfold thickness and 14 (7.5%) for the BodPod. In male participants (n=177), there were 1 (0.6%) missing data for the Abalakov test, 11 (6.2%) for the 4×10-m shuttle run test, 43 (24.3%) for the 20-m shuttle run test, 5 (2.8%) for the skinfold thickness, 1 (0.6%) for the waist circumference and 4 (2.3%) for the BodPod. PA data were missing in 14 female (7.5%) and 8 male (4.5%) participants.
The characteristics of the study population by gender are shown in table 1. Female participants showed higher levels of total body fat and abdominal adiposity by DXA than male participants (all p<0.001). Female participants had lower values in all fi tness tests (p<0.001), and they were less physically active than male participants (p<0.001).
The association between fi tness and markers of total body fat are shown in tables 2 and 3 for female and male participants, respectively. All the markers of total body fat studied were negatively associated with standing broad jump (p<0.001), Abalakov (p<0.001), 4×10-m shuttle run test (p<0.01) and 20-m shuttle run test (p<0.001). Moreover, total body fat measured by DXA was positively associated with handgrip strength in female participants (p=0.028); yet, this association disappeared when we corrected for multiple comparisons.
The association between fi tness and markers of central body fat are shown in tables 4 and 5 for female and male participants, respectively. All the studied markers of central body fat were negatively associated with the standing broad jump, Abalakov and the 20- 
DISCUSSION
The present study shows that cardiorespiratory fi tness and lower body muscular strength are negatively associated with markers of total and central body fat in young people after controlling for age, pubertal status and PA. As in any crosssectional study, we cannot state the direction of the associations; indeed, there might be a reciprocal association between fi tness and fatness. The excess of body fat is an extra load that could adversely affect fi tness performance, especially when Abdominal adiposity R1 includes a body area from top of the iliac crest to the end of the lowest rib; R2 includes from top of the iliac crest to the junction of the T12 and L1 vertebrae; R3 includes from top of the iliac crest to the middle of the costovertebrae articulation of the last rib. *p≤0.001. BMI, body mass index; cpm, counts per min; DXA, dual energy x-ray absorptiometry.
group.bmj.com on February 20, 2011 -Published by bjsm.bmj.com Downloaded from measured with weight-bearing tests. However, it is also possible that fi t adolescents possess higher levels of lean body mass compared to their unfi t counterparts. Under most circumstances, and especially when physically inactive, resting energy expenditure is the largest component of total energy expenditure. The energy expenditure related to muscle metabolism (lean body mass) is the only component of resting energy expenditure that might vary considerably. Over a long period, the maintenance of a large muscle mass and consequent muscle protein turnover can contribute to the prevention of obesity. This may partially explain why fi t adolescents have less fat mass than those who are unfi t.
Similarly to other studies, the association between fi tness and body fat markers was weaker in female than in male participants, 13 yet remained after controlling for PA assessed by accelerometers. The most consistent associations were observed for the Abalakov and the 20-m shuttle run tests in male and female participants. The results were fairly consistent regardless of the methodology used to assess body fat mass; yet, the associations were stronger when markers of body fat were measured by DXA. In male participants, Abalakov and 20-m shuttle run tests explained ~25% of the variance of total body fat. High body fat may have a stronger adverse effect on actions that require a displacement of the body in a vertical axis, compared to a horizontal axis.
We also observed an inverse association between muscular strength assessed with weight-bearing tests and total and central body fat, which agree with other studies. 9-11 32 All variables were log transformed, except standing broad jump and 4×10-m shuttle run tests. *In the 4×10-m shuttle run test, the greater the score (seconds), the worse the performance. Consequently, positive coeffi cients mean a negative association between the test performance and adiposity. β, multiple regression coeffi cients; sr, semipartial correlations; R 2 and R 2 change, coeffi cients of determination. All variables were log transformed, except standing broad jump and 4×10-m shuttle run tests. *In the 4×10-m shuttle run test, the greater the score (sec) the worse the performance. Consequently, positive coeffi cients mean a negative association between the test performance and adiposity. β, multiple regression coeffi cients; sr, semipartial correlations; R 2 and R 2 change, coeffi cients of determination.
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Malina et al 10 examined the association between fi ve motor performance items and the sum of fi ve skinfolds in a representative sample of Belgium girls and reported a negative association of balance, speed, power and strength with adiposity.
Deforche et al 32 examined Flemish youth from the "Eurofi tBarometer 1997" and observed that obese youth had poorer performances in all tests requiring propulsion or lifting of the body mass compared with their non-obese counterparts. All variables were log transformed, except standing broad jump and 4×10-m shuttle run tests. *In the 4×10-m shuttle run test, the greater the score (seconds), the worse the performance. Consequently, positive coeffi cients mean a negative association between the test performance and adiposity. β, multiple regression coeffi cients; sr, semipartial correlations; R 2 and R 2 change, coeffi cients of determination. Okely et al 9 analysed students of primary and high school as part of the "1997 New South Wales Schools Fitness and Physical Activity Survey" and concluded that overweight students were less likely to have high levels of fi tness, especially for locomotor skills than object-control skills.
It is also important to emphasise the positive association observed between handgrip strength and central body fat. 10 32-34 It has been suggested that the excess of adiposity yields to increases in fat-free mass in order to support this extra load. 35 This may explain that individuals with an excess of adiposity performed better in non-weight-dependent tests such as handgrip tests. This is in agreement with fi ndings from the Alimentación y Valoración del Estado Nutricional en Adolescentes study in Spanish adolescents, where we observed higher handgrip strength in overweight and obese adolescents compared to their underweight or normal-weight peers. 36 Muscular strength training is prescribed by the major health organisations due to its important role in the performance of exercise and activities of daily living as well as in preventing disease. [37] [38] [39] [40] Findings from longitudinal studies indicate that changes in muscular strength from childhood to adolescence seems to be negatively associated with changes in overall adiposity, whereas the association between changes in muscular strength and changes in central adiposity are less evident. 3 The observed negative association between cardiorespiratory fi tness and body fat mass concur with previous studies where sophisticated techniques to assess body composition were used. 12-15 41 42 Gutin et al 13 assessed body fat by DXA in youth and showed a negative association with cardiorespiratory fi tness. Arsenault et al 43 analysed young to middle-aged men from Québec Family Study and reported that visceral adiposity assessed by CT and total body fat assessed by underwater weighing was negatively associated with cardiorespiratory fi tness. Similarly, Winsley et al 12 showed that visceral adipose tissue assessed by magnetic resonance was inversely associated with cardiorespiratory fi tness in children. Ara et al 11 studied pre-pubertal children and showed that fat mass explained 27% of the performance in cardiorespiratory fi tness. These fi ndings were also consistent when anthropometric methods are used. Ortega et al observed that cardiorespiratory fi tness was inversely associated with waist circumference in Spanish 8 and Swedish youth. 44 Although we controlled for several potential confounders such as age, pubertal status and objectively assessed PA, we cannot be certain that other unmeasured confounders such as dietary intake or genetic variation do not have any infl uence in our fi ndings. A strong point of the present study is the use of more than one measure of body fatness, including sophisticated methods like DXA to assess total body fat and abdominal adiposity.
In conclusion, the present study supports and extends previous fi ndings showing the association between fi tness and total and central body fat in adolescents, which remained even after adjustment for objectively assessed PA. The results were consistent when using anthropometric and sophisticated measures of total and central fatness, which suggests that skinfolds and waist circumference are valid and useful measures to study adiposity in relation with other factors. In addition, the measurement of fi tness should be introduced in large-scale epidemiological studies, because it is an important factor determining health, functionality in activities of daily living and quality of life.
Future intervention studies should confi rm our fi ndings and determine whether fi tness enhancement leads to improvements in body composition.
